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INTRODUCTION

A conference on Coherent Radars for Range Instrumentation took place at
the Space and Missile Test Center (SAMTEC), Vandenberg A\.FB, California, from
6-7 March 1974, under the aegis of Range Commanders Council .Exesutive
Committee Member Mr. Stan Radom (Technical Director, SAMTEC). The theme
of the conference concerned ‘“‘what has been the past performance and what is
the future potential of Coherent Radars for test support instrumentation.” In
addition, emphasis was placed upon preparations for the upcoming GEOS-C faunch,

This publication contains outlines and excerpts from the various conference
briefings’.\_ Names and addresses of conference presenters precede each of these
synopses. It is intended that this document provide a means for obtaining addi-
tional dialogue and input in the area of Coherent Radars.
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SAMTEC CONFERENCE ON COHERENT RADARS
FOR RANGE iINSTRUMENTATION

5-7 March 1974, Bidg 7000 Theatre
Vandenberg AFB, California
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Coherent Radar as a Range and Range-Rate Instrumentation & ‘stem —
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Rey Stanley, NASA

-

. R

ix




1330, 6 March

GEOS—C C-Band Data Handling —
Bill Krabill, NASA

GEOS—C C-Band Operations/Support —
Ben Jackson, NASA

GEOS—C Coherent C-Band Transponder Technical Characteristics —
Alan Selser, NASA
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Conference Summary and Group Discussion on “Where do we go from here?’’

0900, 7 March

Meeting of members of GEQS—C C-Band Working Group —
Chairman, Ben Jackson, NASA

GENERAL INFORMATION

1. The telephone number to be used for recsiing telephone messages is (AUTOVON 276-6190);
{COMMERCIAL 805-866-6190). Telephone ic ! ated in the hall immediately outside the
entrance to the theatre in Bldg 700C.

2. There will be a military bus available for us. - and from the Officers Club for lunch,
3. Various telephone numbers are listed below:

Scheduled Airline Ticket Office (SATO), Rm C-105, Bidg 11777: 734-4381
Vandenberg Motel, Lompoc: 736-5606
Vandenberg Inn, Senta Maria: 922-6631
Village Inn, Vandenberg Village: 733-3571
Limousine Service to airport: 736-3636
Airways Rent-a-Car, Lompoc: 736-8621
Airways Rent-a-Car, Santa Maria: 922-1994
Hertz Rental Car, Santa Maria: 925-1306
Army Liaison Office: 276-7442/6907
NASA Western Office, SVAFB: 276-3024
Base Taxi: 2766711

4. Mail can be received in care of the Technicsl Director, SAMTEC/CA, Vandenberg AFB, CA 93437
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APPENDIX A

COHERENT RADAR AS A RANGE AND RANGE-RATE INSTRUMENTATION SYSTEM

BY

ROBERT E. GREEN
Systems Management Division

And

WILLIAM L. SHEPHERD
Research Projects Office

Instrumentation Directorate [
US Army White Sands Missile Range, New Mexico 88002




1. INTRODUCTION

US Army White Sands Missile Range (USAWSMR) has nine coherent radars in its
instrumentation inventory. The locations of these radars were chosen to
provide good geometry when this equipment is used as a range and range-rate
instrumentation system. The measurements of range and range-rate have in-
herent properties which are desirable for instrumentation purposes. The
magnitude of the errors present in these measurements are relatively in-
dependent of the distance to the target. This paper outlines the prelimi-
rary results of an evaluation of the USAWSMR coherent radars as a range and
range-rate instrumentation system. Two methods of processing range and
range-rate data were developed for this evaluation. The first method de-
veloped inputs range and range~rate from three or more coherent radars and
outputs rectangular Cartesian components position and velocity. The second
method inputs range and range-rate from three or more coherent radars,
filters the range ard range-rate data, performs a numerical differentiation
to obtain range acceleration, and outputs rectangular Cartesian components
of position, velocity, and acceleration. This paper includes a description
of tne techniques developed and an example of some data processed using the
techniques.

I1. FOINT ESTIMATION -~ THREE STATIONS

In this section, the simple and geometrically pleasing notation of three
dimensional vector analysis is used. The solutions obtained here are used
in Sections III and IV to obtain start vectors for the Gauss-Newton itera-
tion for the N-station data processing techniques.

Let O, A, B be three noncollinear points from which measurement of range to
a point P is made. Let R,, RZ' R3, respectively, denote the range from

0, A, B, respectively, to P, and K. E. respectively, the vectors from 0 to
* ->
A, B, respectively, It is shown that P, the vector from 0 to P, is

PeaahtbB+ce, C=AxB , (2.1)
with - R
4= .EJJlL_ﬁ;_%iﬂiﬂl_ , (2.2)
1€

*Larry Armijo, "Determination of Trajectories Using Range Data From Three
Noncollinear Radar Stations," US Army Signal Missile Support Agency,
US Armmy White Sands Missile Range, NM, 1960,

A2
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b =_§lﬂ_.;_%.(ﬂL , (2.3)

(82 - aa - bs)'/2

¢ = 5 , (2.4)
{C|
where
or{RE - RE+ [A3) (2.5)
" > N
8= (R - R2+ 1813 . (2.6)

With (agi), agi), agi))T. =1, 2, 3, respectively, denoting the coordinate

vector of A, B, C, respectively, with reSpecﬁ tg a+rectangu1ar Cartesian co-

ordinate system with the same handedness as A, B, C and with origin at 0,
(2.1) can be written as

Xy ® aa%l) + ba%Z) + ca%a) , (2.7)
Xy = aagl) + bagz) + caga) , (2.8)
Xy = aagl) + bagz) + cag3) . (2.9)

where x = (x1, Xy x3)T is the coordinate vector of F.

With Py Pgs P3s respectively, denoting the range measurements from 0, A, B,
respectively, to P the substitution of Pys P23 Pgs respectively, for Ry R2,
R3,+respect1vely. Tets one compute the corresponding rectangular coordinates
of P from (2.7), (2.8), (2.9).

Differentiating in (2.7), (2.8), and (2.9)
Ry = éagl) + 6a§2) + éasa) . {2.10)

A~3
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e
iz = éaél; + Sagz) + éa§3) , (2.11)
is = &ag]) + Bagz) + éaga) R (2.12)
where (from.d1fferent1at1ng in (2.2), (2.3), and (2.4))
i= B2 - sRBYICIE (2.13)
b= [8IA% - a(RB)ICE (2.14)
¢ = (RR; - de - b8 - 2 - bE)/(2¢[C1) (2.15)
with (from (2.5) and (2.A))
o= leq -RR, (2.16)
B = RRy - Ry (2.17)

If in addition to 91 Pps Pg Measurements of range rate, p], pz. p3 are
available, (2.10), (2.11), and {2.12) can be used to compute x]. X9 x3

Differentiating again,

X, = {1 ¢ Bal?) s dal® (2.18)
X, = Ta‘ag') + B +al® (2.19)
Ys = aa + ba(z) + cag ) . ' (2.20)
where
A=l
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3= a2 - BABYIEE (2.21)
Ot SN s SO 3 )
b= [BIAI° - S(AB)V/IC)* (2.22)
. [2R)R, + R®) - od - 203 - aa - 6b - 266 - bd - 2¢7|C|2)
c > - ., (2.23)
2c|c}
and
w = RyRy + RZ - R,R, - R2 (2.24)
Rt Ry -RR =Ry :
R T ,
[ R]R] + R] - R3R3 - R3 . (2.25)

With measurements o, oy, bs also availabl-, (2.18), (2.19), and (2.20) can
be used to compute 21. 22' ;3'

ITI. GAUSS-NEWTON POINT ESTIMATION - N~STATIONS

———

In Section II, it was convenient to use the three dimensional vector analysis
notation, We now change to a more general notation, isading to a systematic
formulation of the Gauss-Newton method for solving the N-station problem.

Let Ai’ is= 1( 2, . . ., N, denote the points at which the stations are
located and a]1). agi). agi), respectively, the first, second, third,
mwuﬂnW.mmﬂmﬁsﬁAimmrunatoaﬂwaMMCmmmue
system, so that the coordinate vector of Ai is

a1 @, of), T

Let
X = (X]Q in X3)T

I




denote the coordinate vector of P. Let
R = (R, R )7 (3.1)
‘l 2l L ) RN ’ .

. where the components of R are the ranges from A1 to P, given by

3
RorLE O gAY (3.2

(Notice %hat (3.1) and (3.2) give R explicitly as a function of x. We will
sometimes use R(x) for this function. Formulas for various derivatives as-
sociated with (3.2) are given in Appendix A.)

Three problems in point estimation are posed, and their solution by the Gauss-
Newton iteration described. A brief description of the Gauss-Newton iteration
is given in Appendix B,

PROBLEM 3.1

Given p = (91, Pgs « v v s pN)T, a vector whose 1tV component is a (noisy)

measurement of the range from A1 to P, find an estimate of x.
PROBLEM 3.2

Given o as in Problem 3.1, and 5, an N-vector whose 1th component is a noisy
measurement of the time derivative of the range from A1 to P, find an estimate
of x and x.

PROBLEM 3.3

Given p and p as in Problem 3.2 and s an N-vector whose 1" component is a
noisy measurement of the second time drivative of the range from A1 to P,
find an estimate of x, X, and X.

The description in Appendix B of the Gauss-Newton estimate is phrased so

as to include these three problems as special cases. For each of the prob-
lems we first identify the appropriate vectors of the problem with the vectors
m, u, f. The elements of the corresponding F(u) are then obtained from Ap-
pendix A and the start vector from Section II.

For Problem 3.1,

m=p, u=x, flu) = R(x) ,

A=B

I
I
I
|

——t
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and the start vector, ul® is obtained from (2.7), . . . , (2.9) with Ry
R2, R3 replaced by Pys Pps O3 in (2.2}, . . ., (2.6).

For Problem 3.2, .:

e R(x)
m= » us »  flu) . s
6 X R(x,x)

and the start vector, u(°). is obtained by extending the above start vector
by replacing R;, Ry, Ry by 61. 62. 63 in (2.13), . . ., (2.17) and computing
0 from (2.10), . . . . (2.12),

For Problem 3.3,

x [rg(x)
»ou= x|, f(u) = [R(x, x) .

lR(x. X, X)

3
[}
v . O

and the start vector, u{®), is obtained by extending the u(®) of Problem 3.2
by means of Equaticns (2.18), . . . , (2.25).

It is worth noting that for Problem 3.2, the objective function involves

both o and 6. Hence, i, the estimate of position for this problem depends
on range-rate measurements as well as on range measurements. For Problem

3.3, the objective function involves o, 6, and p. In this case, x and X,
the estimate of position and velocity depends on range, range-rate, and
range acceleration measurements. This attribute provides for additional
redundancy in the estimation of position in the case of Problem 3.2, and
position and velocity for Problem 3.3 that would not be used if position,
velocity, &nd acceleration were estimated sequentially.

IV. RANGE AND RANGE-RATE FILTERING AND DIFFERENTIATION

Measurements of range acceleration are not normally available from the
coherent radars at USAWSMR, In order to use the estimation technique de-
scribed as Problem 3.3 in Section III of this paper, it is necessary to
have estimates of range acceleration. This information was derived using

(2 numerical differentiation technique. We chose to dc ihe smoothing and

differentiation on the measurements instead of the components of position iy

A=7

P proey . e M -



and velocity to avoid correlation in the error statistics of the data being
filtered. It also permits the use of additional redundancy in the point
estimation process. The filtering process developed makes use of "a priori"
information. In post flight data processing, it is relatively easy to wake
use of "a priori” information and the improvement in data quality is drama-
tic. In processing orbital information, the use of "a priori” information
- 1s a standard practice. Most of the data generated at USAWSMR is from
powered flight ar intra-atmospheric free-flight. This makes the use of dif-
ferential equations of motion for "a priori" information very difficult.
Since the process we developed requires that each set of range and rang.-
rate measurements be filtered, the filter process is not optimal but was
chosen to provide near optimal filtering that also provides computatio :al
efficiency. The process developed during this study is a recursive filter
which uses a cubic spline as the predictor. The "a priori" information about
the trajectory is introduced as a step function for the third derivative.
Integration of this step function is used to derive a predicted trajectory.
This prediction is combined with the measured range and range-rate data to
provide filtered estimates of range, ran?e-rate, and range acceleration.
The filtering process is described as foliows.

Let J], Jz, -+« Jy be the set of M steps of a step function that approx-
imate the third derivative profile of the trajectory under consideration.

Let T], Tz.'. e TM be the set of time intervals over which the e: ..+ ed
acceleration rates J]. Jz. Ce e JM are used, respectively.

Let st be the time interval between data samples.

Let Ao. Vo. and Po be the initial values of range acceleration, range-rate,
and range, respectively. The predicted range acceleration is _iven b

A= dglst) + A . (4.1)

The predicted range-rate is generated using
[3,(s0)2

V=l st (4.2)

The predicted range values are obtained using

0,660%1  [A_q(st)2]
Pm Lt —h v ) e, (4.3)

where §=1,2,3,...,M

A-8
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The filter is mechanized to provide estimates of range, range-rate, and
range acceleration that are a weighted average of the present measurement
and a prediction based on the previous estimate and the acceleration rate
profile. The values used for the measured range acceleration are generated
using the equation

v (Rk - hk~1' i
Rk s —_—(W_' + 0.5J1(5t) . (4-4)

The filtered estimates of range, range-rite, and range acceleration are
generated using the equations

R Rlwg) + (0y068) + R_D(E-wy) (4.5)
I . J1(6t)2 2 :
Re = Ry(Wy) + (=g + R _j(6t) + R,V = wy) (4.6)

3et)3 R (602 3
3 +

ﬁk = Rk(ws) + ( 3 + ﬁk_1(5t) + ﬁk_1)(1 - W), (4.7)

Mweﬁ,%,%amwdwﬁmvﬂua These weighting values are chosen

empirically based on the trajectory being processed. The filtering process
just described operates on a series of range and range-rate measurements as
a function of time, while the point estimation techniques described in
Sections 11 and 111 of this paper operate on a collection of measurements
from several stations at a single point in time,

V. RANGE AND RANGE-RATE DATA PROCESSING RESULTS

The techniques displayed in this paper were applied to a set of data col-
Jected at USAWSMR on 12 September 1973 (Appendix C). The data was col-
lected by three coherent radars tracking a LOKI Sphere. This test providas
a very good radar target. An aluminized mylar balloon one meter in diameter
is ejected at high altitude. Radar is the only instrumentation available

at USAWSMR that can collect data on this target. This 1imitation makes
assessment of data accuracy very difficult.

A segment of data 130 seconds long was processed using the range and range-

rate point estimation technique. This data was encoded at 20 samﬁ1es per
second and then averaged to 5 samples per second. No other smoothing was

A=9
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performed on this data. The first 20 seconds of this data contains some
errors. It should be noticed that the errors are not propagated along
the trajectory using this technique. The remaining 110 second segment
of data is free of ambiguities. This 110 second segment was processed
using the recursive filter to smooth the range and range-rate data and
generate the required range acceleration data. A comparison of the
position and velocity data generated by the two processes shows that
filtering of the range and range-rate data did not change these results
significantly. The acceleration data generated is smooth and represents
the kind of accelerations that one might intuitively expect this vehicle
to undergo. Visual comparisons with the range user's single radar data
reduction indicated good agreement. The following table shows the

“a priori" information that was used to obtain the acceleration estimates.

TABLE 5.1 "A PRIORI" ESTIMATES OF RANGE ACCELERATION RATE

Radar 354 mRadar 123 _.Radar 352
Time Interval Ry (ft7sac®) - Ry (ft/secd) Ry (ft/sec?)
20 573 .720 .492
20 - 1.746 2.937 4,503
20 ~.990 -1.701 -2.178
20 -.613 -.666 -1.023
20 .009 -,063 -.138
10 .120 .126 018

Notice that the "a priori" information used is simple. Evaluations of
this technique that have been performed at USAWSMR indicate that this
filter is not particularly sensitive to errors in the "a priori" informa-
tion. It appears that the coherent radars are capable of producing

high quality trajectory data when they are operated as a range and range-
rate instrumentation system,

VI. SUMMARY

This paper has presented data processing methods that are applicable to
coherent radar when used as a range and range-rate instrumentation
system. A technique for smoothing and differentiating range and range-~
rate data has been presented. This technique permits "a priori" tra-
Jectory information to be used easily and with high computational
efficiency. A description of point estimation techniques that can be

A=10
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used to obtain rectangular Cartesian components of position, velocity,
and acceleration from range and range-rate measurements is included.

A description of results obtained from application of the techniques
described in this paper to aciual flight test data is included. Analysis
of the data obtained indicates that coherent radars are a potential

source of very good quality trajectory data when used as a range and
range-rate instrumentation system.

A1l




e e T

APPENDIX A
VARIQUS DERIVATIVE FORMULAS

are obtained here,

The basic range equation is
3
2 (112
Ry = ) (x, ~a'’} .
i ksl kK
Successively differentiating with respect to time,

3
: : (1)
R.R, = -
IR ML

Rf + Ry R { [x, (%, - a£ )) + xk]

Differentiating (A.1) with respect to Xy iJ. ;J yields
3R

3
i, (1) - {1

AR RO R S TR
R

A0,

QXJ

aR

1.0 .

3XJ

Differentiating (A.2) with respect to Xys ij. RJ and using (A.5) and (A.6),

Ry . 3R
1 R .
R, +R LI ,
3xJ i i 3xJ 3

A=12

- Various derivatives needed in the point estimation problems of Section IIf

(A.1)

(A.4)

(A.5)

(A.6)

(A.7)
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R

R, —b = x, - all) (A.8)
L J k
3
3R,
—L.0 . (A.9)
%y
Differentiating {A.3) with respect to xy, ij, 'ij and using (A.5), (A.6),
and (A.9),
. Ry Ry Ry
e TaR el I e B (A.10)
J J 3
. afq afi1 .
Wy =t Ry g, (A1)
2%y 2%y
R,
Ry e mng -l (A.12)
2% S I
3

From (A.1), . . . » (A.12) successively,

3

R=Ll (- A2, (A.13)

S N (1)

R1 = -R‘r kZ] xk(xk - ak ) s (A-]4)
; . 3 e
Ry = (L D - i+ iy -/l L (A.15)
¢ f R
¢ [ in - (xg - ag”) , (A.16)
YR ¥
g
_. 3R,
—*0 , (A7)
' ™ A-13 '
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3R1
— 1] N (A.]B)
aéi R,
- T" ( __.J_.) . (A.19)
R
—L T— (x - a“)) ) (A.20)
aéi
—_ = ( . (A-21)
axy
aR, 1o e Ry R
axj = 'E"" (xj - 2Rf ‘E)‘)‘(; - -3—;1— R.,) , (A.22)
a§1 3ﬁ1 )
— = (2"3 . 2R1 _.-—-._) . (A.23)
3y
aR,
i, _ Al
a;d —Ki— (XJ aj ) . (A.24)

From the above formulas, we can form various Jacob1an matrices For examp1e.
with R weitten R(u) = R(x, X, X), where uf = (X7, x7, X')7 and aR(u)/3x the
N, 3 dimensional matrix whose element in the 1“‘ row and 3 co\umn is
a§1/aij. the elements of aR/ax are given by (A.23).

A<l
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APPENDIX B
GAUSS-NEWTON ITERATION

A Gauss-Newton iteration general enough for the problems of Section III is

described without discussion of its limitation.

Let u denote a p, 1 vector of independent real variables and f, or f(u),

a vector valued function of dimension q, p < q. Let m denote a q, 1 dimen-
sfonal constant vector. Consider the equation

me=flu) . (8.1)
u is a least squares solution i{f u minimizes the objective function
ORI RO ACREAPIL (5.2)

1f m is a measurement vector, we will say the u is a Gauss estimate of u
for the measurement m.

The Gauss-Newton iteration is described as follows.
T(uy 8) = ||m ~ f(u) ~ Flu)s[]® (8.3)

where F(u) is the q, p dimensional matrix such that the element in the pth
row and Jth column s

of af y (u)

FWe—

3u

au

With u(i'l) a given vector, let 5(1) denote the vector of least norm which
minimizes f(u(1'1). §). We consider only the case where

s w pu-Myt - (- (8.4)
whete
F(u('l-]))-l- - [F(u('l-]))TF(u“-]))]'1F(u(1-1))T . (B',s)
A=15
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with u®) a given start vector, the iteration is t
s(1) - F(u(i'”f(m - f(u“'”)

u('i)=u('i-'|)+6(1) , i=1,2,..

g

If {u(”) converges, say ta U, we say U is a Gauss-Newton estimate of u for
the measurement m. In computation, a way to stop the iteration must be used.

Wwith u'™ the last computed iterate we use
i=u=uln)
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DESCRIPTION AND USERS MANUAL
FOR THE NR-AM-I KRTLST COMPUTER PROGRAM

1. ABSTRACT. The KRTLST computer program dumps and analyses radar
range rate data recorded at the real-time facility. It is a very simple
program to operate and requires no programming experience to use it.
Anyone who has a legitimate computer project accounting number (PAN) can
schedule runs at the WSMR 1108 Computer B Facility.

I1. INTRODUCTION. The KRTLST computer program was written by 0. P.
Kroeger (Instrumentation Integration Section) as part of an inter-
organizational task effort by Analysis and Computation Division,
Data Collection Division and Instrumentation Directorate to evaluate
the existing WSMR radar range rate system.

The KRTLST program uses as inputs the data recorded in real-time at
the Real Time Systems Section's computer facility in Bldg 300. These
inputs are data gathered by radars.transmitted from the radar site via
Lenkurt modems and recorded on analog tape yecorded all in real-time,
Either in real-time (or in deferred time by analog tape playbacks)
digital log tapes of the mission data are generated on the WSMR 1108
real-time computer. The KRTLST program cannot be used unless this real-
time recording has been range scheduled and accomplished.

The KRTLST program outputs satup cards for checks, radar data
samples of time, range, azimuth, elevation, range rate, computed esti-
mates of range rate from range derivatives, differences of range rate
and range derivatives, acceleration, data one sigma: error estimates,
ard flags of various predetermined e~vors. At the end of the data 1ist-
ing an automated written consolidated report of error and reliability
statistics is furnished.

III. DESCRIPTION OF ALL STEPS NECESSARY TO ACCOMPLISH KRTLST OUTPUTS.

STEP NR 1. Prior to mission, range schedule a real time i-2rording
of all radars supporting the mission. Real-time recordings are only wade
on missions which have been scheduled specifically as "real-time trans-
mission and record".

STEP NR 2. Obtain ihe mission code (FC = Foxtrot Charley, AB =
Alpha B:avo. etc.), mission date, and mission start and stop times if
available.

Preceding page blank
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Obtain "PSL Real Time Playback Request" cards from PSL Input Office,

Bldg 300. Fi1l out request card ‘see Fig (1A)) with:

1. Requestor
2. Acct Code
3. Mission

Program -

Date

4

5

6. Phone -
7. Building
8

Timing -

9. Remarks

10. Bottom Line

your name.
your accounting code.

put in mission code.

put in "UNILOG"

put in the mission firing date.
your duty phone

put in £ in the 300 block.

put an X in the range block.

put "log all radars" plus mission start time and
mission stop time if available.

- put an X in the deljver box along with your
name and nearest PSL delivery point.

FIGURE (1A) shows my request for an 1108 computer log tape df an
aircraft track mission fired on 14 Dec 73. The mission was Charley

Foxtrot (FC).

FIGURE (1B) shows my request card after the logging procedure was
accomplished. ?SL operations filled in the following:

1. Analog reel block.

2. Tape classification block.

3. Tape location block.

4, Tape reel number block.

5. Marked the ID's of the radars available in the input blocks and
their associated computer sub- ~hannels.
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FIGURE (1B) shows that radar R113, R123, R127, R352, R354 and R373
were recorded and the input tape for the KRTLST is labeled W385/42703.
With this information we are ready to set up the deck for a KRTLST
computer run.

STEP NR 3. The KRTLST run deck consists of seven punched IBM cards
and one request card. {See FIGURE (2)) Only two cards have to be
punched for each run. The others remain constant. The two cards to be
punched are:

1. Card Nr 1 - Punch the input data tape location in columns 16, 17,
18, 19. Punch the input data tape reel number in columns 28, 29, 30, 31,
32. For example, FIGURE (3) shows data punch for Card Nr 1 for the air-
craft mission designated on the playback request card shown in FIGURE
(28). (H385/42703§

2. Card Nr g - The data card is the most complicated and 1s used to
control the radar to be Jumped, the portiors of the run to be dumped,
and the ¢.g or short print control options. (See FIGURE (4))

Columns 1 to 4 are the easiest. They simply contain the name of the
radar to be dumped. The only allowable characters for the dump are:

Columns 1 2 3 4

R113

R123

R127

R354

R352

R393

R350

R351

Columns 11 to 20 contain the range time of the desired start time
of the run. (Three decimals) _{"xample: 67350.000)

Columns 21 to 30 contain the range time of the desired stop time of
the run. (Three decimals) (Example: 68650.000)

B-11
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Columns 59 and 60 are an index to be used with Columns 67, 68, 69 and
70 to control specific segments of the trajectory to be dumped such as
first, second, third -- ninety-ninth segment.

Columns 67, 68, 69 and 70 contain a time segment of seconds (0000 to
9999) to be dumped. (Always use in conjunction with Columns 59 and 60.
For example, if column 60 had a "3" in it ‘and Columns 68, 69 and 70 had
100 in them, the program would print only the third 100 seconds of data
on the tape. If Columns 59 and 60 and 67, 68, 69 and 70 are used then
the start time (Columns 11 to 20) and the stop time (Columns 21 to 30)
should be blank, (And vice-versa.)

If none of the print time controls are used i.e. Columns 11 to 20,
21 to 20, 59, 60, 67 to 70 are all blank, then all data on the log tape
will be processed.

Coiumn &0 controls short or long print. If Column 80 is "1", only
error flagged data and chaock prints every five seconds on good data are
printed. If Column 80 is "0" every processed sample (20 samples/second)
is printed.

EXAMPLES

Figure (5A). Shows data card which instructs the program to dump all
data on the Tnput tape for radar R113. (Long print)

Figure QSB!. Shows data card which instructs the program to dump all
data ween times 67350.000 to 68650.000 seconds of the mission for
radar R113. (Long print)

Figure §5C5. Shows data card which instructs the program to dump
error flagged data (short print) during the third 200 seconds of data
recorded on the tape.

STEP NR 4. The run request card is depicted in Figure 16). As can
be seen, there are three major blocks to be filled out: input, output

and identification. (Be sure and correctly label all classification
blocks. If they are not labeled, PSL will not maka tiie run. Do not use

classified input tapes for this dump program because the outpufs of the
of the program will become classified. As a rule run only data from
unclassified projects.

In the input tape block two tapes have to be entered. The program
tape is always E725/39027 until after Feb 74. Call Kroeger (678-1620)

B=12
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for new program tape designations and at four month intervels after that,
The second tape will be the input data log tape you have requested from
the PSL Real Time Playback Facility. The number of cards will always be
seven,

In the output sectfon (under PRINTS) always put N@RM unless you have
changed the deck to get one or more carbons.

In the identification block chack R under optfon block,fi11 in your
RUN 1D, PAN, requestor's name, phone, organization, check Computer §.
put your delivery destination point. The time estimate and page esti-
mate is computed as follows:

TIMING ESTIMATE

1. Four minutes for first O to 200 seconds of flight.

2. Add 1.1 minutes for each additional 50 seconds of flight.
3. Round fractional times up when equal to .5 seconds and greater.

EXAMPLE NR 1 - For a 556 second flight.

556 sec
200 - first seg } 4 nin
356

7
50 3% 7*1.1=7.7=8

350
TOTAL TIME = 12 MIN

EXAMPLE NR 2 - For a 320 second flight.

320
%%% } 4 min
2
50 [T20 2%x1,1=22=2min

TOTAL TIME = 6 MIN

B=13
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EXAMPLE NR 3 - For a 1298 second flight.

1298
200 } 4 min
T098

21
@_qm 21 % 1.1 =23,2= 23
00
TIME = 4 + 23 = 27 MIN
PAGES OF PRINT ESTIMATE

Ten pages plus one page for every 2.5 seconds of flight data.
EXAMPLE - For 1300 seconds flight.

10 pages 520
520 2,5 75000
530 PAGES

1v. INTERPRETATION OF QUTPUT LISTING. The cutput 1isting has four parts.
The first part Ts a three page computer summary of loading parameters
which includes the tape assignments for checks. The second part is a

one page listing printed by the program giving the data card setup and
the error code definitions. The third part (the longest) 1s the 1isting
of the data as follows (left to right)

1. Radar name or the error code if an error has been detected. The
following 1ist gives error code definitions.
E100000) = DOPPLER DVES VALID FLAG HAS CHANGED.
E 20000) = DOPPLER 21PT RAW DATA SIGMA HAS CHANGED.
E 3000) = VELOCITY EEOR G.T. 14.31 F.P.S,

E  400) = TIME HAS A GAP (NOT .05 SEC)DERIVATIVES BAD.
E 50) = RADAR HAS CHANGED ITS TRACK MODE.

£ 6) = NOT PRESENTLY ASSIGNED.

E 20050) = ERRORS 2 AND 5 BOTH PRESENT /EXAMPLE).

B=ld




2. Time - seconds. '§

3. Time difference - seconds for missing data checks. (This may be
changed Tater to display AGC.

4, Radar track mode:
S = skin track
B = beacon track
N = no track

5. DVES valid flag:

1 = valid flag yes
0 = valid flag no

6. Doppler skin return flag:

1 = yes
0=no

7. Doppler COHO beacon flag:

1 = yes
0=no

8. Range - feet.

9. Azimuth - degrees.

10. Elevation - degrees.

11. Second derivative of range (acceleration) 51 pt filter ft/secz.
12. Doppler velocity derivative (acceleration 51 pt filter ft/secz.

13. Range first derivative (velocity) one sigma error estimate
ft/sec. (21 pt filter)

14. Raw doppler velocity error estimate (21 pt filter) ft/sec.
15. First derivative of range (velocity) 21 pt filter ft/sec.
16. Raw doppler velocity ft/sec.

B
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17. Velocity error (difference between raw doppler velocity and 51
pt range derivative) ft/sec.

18. Velocity error (difference between raw doppler veiocity and 21
pt range derivative) ft/sec.

The long print (data card COL 80-0) gives the above information for
each and every point. (20 SAM,SEC.)

The short print (data card COL 80=1) prints only flagged errors (see
1. above) plus 24 consecutive samples prior to a flagged error and 24
consecutive samples past the same flagged error. Also, during long
stretches cf good data, a checkpoint will be printed every five seconds.

The fourth part of the 1isting is a written statistical report of the
entire run. The basic criteria for most percentages and reliability
estimates are based on the premise that when the radar is in track (either
skin or beacon), there should be valid unambiguous velocity data (with
valid vel flags). The run printout will not commence until the radar
has been in solid track for at least two seconds. The radar relfability
gumber is based on outages versus skin or beacon track once the run has

egun.

1f the computer run aborts, check the last page of your 1{sting for
such things as tape problems, max time, max pages. If either max time
or pages is indicated, your estimates on your run request card are wrong
and should be increased.

V. PROGRAM LISTING. sor those who wish to know what the program KRTLST
coding Tooks 1ike, a 1isting of the program is included.

For those who wish to have deck of the program for their own purposes
may easily do so. The Fortran elements are on the program input tape.
To punch {on 1ine) the deck during a run place the following cards
directly after the copin card in the data deck: .

1. @PCH,SC TPF$.ROYSA

2. @PCH,SC TPF$.ROYSO

3. BPCH,SC TPF$.LOG

+ +
coL 1 coL 14
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APPENDIX A
REAL_TIME PLAYBACK REQUEST CARDS
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